This paper analyses the effects of pressure surge on pipe flow. The surge pressure investigated is that propagated by the emergency relief coupling valve (ERV) connected to a loading system carrying crude oil from four flow stations. The results of the analysis show remarkable changes in the fluid parameters arising from the shut down of the loading system by the ERV in the event of storm. For instance, in pipe 1 the pressure dropped from an initial value of 25 × 10 5 N/m 2 to 19 × 10 5 N/m 2 , while the velocity of flow increased from 1.76 m/s to 2.97 m/s. The system showed high Reynolds number indicating turbulent flow and the Mach number in pipe IV as high as 3.6 indicating supersonic flow. The consequence of the pressure drop is column separation or cavitations. If the bubbles collapse, re-surge pressures occur leading to possible leakages and rupture of the pipes. All these can be minimized by selecting appropriate surge suppression devices for the system.
Introduction
It is imperative to transport fluids through pipes to places where they are needed. Crude oil (a special type of fluid) is transported through a system of large diameter pipes. The force that propels the fluid is its pressure which usually dissipates as it travels through the pipeline. Also considering the development in engineering fluid system, the increase in flow rates of fluid using large pumps is now a common practice. In controlling such systems, valves are used. The closure and opening of valve in a pipeline leads to pressure rise.
Lingireddy, et al. [1] carried out the analysis of pressure surge in pipeline Systems resulting from air releases. In their research, they noted that since air valves are integral parts of a long pipeline passing through elevations, pressure surge propagation is quite inevitable. Pressure surge will occur due to the release of air accumulated in a pipeline in the course of transmission. But the effect of this would be reduced to a minimum if proper sized surge suppression device like orifice plate is installed in the system. The work specifically considered the pressure reduction in a pipeline system when a 12.5 mm orifice was installed in pipeline compared to a 75 mm orifice also installed. The pressure surge when a 12.5 mm orifice plate was installed reduced to about 30 meter of water while the pressure when a 75 mm orifice was installed was still as high as 168 meter of water from a surge pressure of 210 meters of water.
Krope and Goricanec [2] carried out the analysis of the influence of changing pipe diameter on flow pressure characteristics of pipe network using linear Theory method. The analysis showed that the pressure drops in the network are in accordance with the Darcy-Weisbach equation. According to the research, the effect of surge can be minimized by increasing the pipe diameter, since a large diameter pipe reduces the speed of flow and flow rate of fluid. This will in turn have an adverse effect on surge pressure propagation [3] .
Douglas, et al. [4] examined rigid column theory of pressure surge analysis as one that may be applied to transient conditions displaying slow rate of flow accelerations. Liu [5] predicted surge pressures which results from running liners. His work was based on a computer program that considered the analysis on three broad approaches viz: sensitivity analysis which considered surge propagation at different flow speed; design mode which considered surge propagation on the basis of depth of pipe underground at different flow speed; and thirdly, the analysis based on varying flow speed with liners on pipe.
His analyses concluded that pipe ending condition has much influence on the pressure surge propagation. Also the use of specially developed engineering software for advanced simulation and evaluation of pipe flow pressure has been studied [6] . Lubinski [7] , Lal [8] , and Mitchel [9] used dynamic models to predict Surge Pressures. These models are complex, requiring not only more input data, which may not be readily available to engineers, but also more computer resources. This paper presents surge analyses carried out on four different pipes in which crude oil flows, aided by pumps from four different flow stations. The four pipes empty into a central point termed the manifold station or point (stagnation) from which the fluid connected by the various pipes join a central pipe which terminates at a loading point. The loading system has two valves namely: the normal shut-off valve (NSV) and the emergency relief coupling valve (ERV).
Materials and Methods
The values of the pipe parameters relevant to this analysis were obtained from direct measurements. The fluid (crude oil) parameters were obtained from operational log/data sheets. Then calculations were made using existing and derived formulas to obtain the values of the parameters that could not be measured directly or derived from log/data sheets.
The friction factor, f, was determined for each pipeline using the Moody Chart. The head loss due to friction H f in the pipe was determined using the Darcy-Weisbach equation:
The shock wave speed was evaluated for each pipe using the formula
The period (t) for pressure wave to travel from source to the manifold is calculated using
The Mach number M is evaluated from the formula
The Mass flow rate is evaluated using the relationship
The stagnation temperature and pressures are calculated using the formulas:
 
Results and Discussions
The results are presented in Tables 1-5 below. The results indicate the existence of surge pressure in the system.
In pipe The decrease in pressure in the pipes may result in column separation. When the vapour cavity collapses, a re-surge pressure phenomenon will occur. This fluctuation in pressure subject the pipelines to uneven force distributions which subsequently weakens the joints and leakages may occur. Also the lifespan of the pipeline is threatened as the collapsing bubbles can cause local erosion of the internal pipe surfaces.
Conclusions
The results of the analysis presented in this work show remarkable changes in the fluid parameters. The pressure fluctuations along the supply pipeline are largely due to the instantaneous closure of the emergency relief coupling valve (ERV). The flow in all the pipelines is turbulent showing evidence of pressure surge. As a result of turbulence in the pipeline, the velocity gradients near the pipe walls are quite large resulting in more shear. The surge generated can result to cavitations or column separation
